The sequences of the 16S-23S rDNA intergenic spacer region of 62 strains of Bradyrhizobium, including representatives of the three valid species, were determined. The majority of strains had a single rRNA operon type and all contained a tRNA Ala and a tRNA Ile gene. Analysis of the sequence data produced groupings in line with previously obtained AFLP data. DNA-DNA hybridizations were performed to determine to what extent spacer sequences and AFLP profiles reflected the overall genomic similarities. Strains belonging to the same AFLP group, and strains with spacer sequences diverging less than 4 %, were found to belong to the same genospecies. More remote relationships (DNA homology levels of 40-60 %) between species were reflected in the spacer sequence analysis, but not in the AFLP analysis. For the genus Bradyrhizobium, 16S-23S rDNA spacer sequence analysis provides taxonomic information similar, but not always identical to that obtained by DNA-DNA hybridizations. Our results indicate that this genus consists of a group of four highly related genospecies (Bradyrhizobium japonicum, Bradyrhizobium liaoningense and two other genospecies) and at least three other genospecies, one of which is Bradyrhizobium elkanii.
INTRODUCTION
We previously studied the diversity of bradyrhizobia from Faidherbia albida and various Aeschynomene species using AFLP analysis, a high-resolution genotypic fingerprinting technique based on the selective amplification of restriction fragments from a digest of total genomic DNA (Vos et al., 1995) . We described 34 AFLP clusters, only four of which corresponded to known species (Willems et al., 2000) . The AFLP technique was shown to provide an insight into the extent of genotypic diversity of Bradyrhizobium isolates. As a grouping method for new isolates it was superior to restriction analysis of amplified 16S rDNA (ARDRA), analysis of BIOLOG metabolic profiles 
Abbreviations :
ARDRA, restriction analysis of amplified 16S rDNA ; ITS, internal transcribed spacer.
The GenBank/EMBL accession numbers for the ITS sequences determined in this work are AJ279264-AJ279352.
and SDS-PAGE analysis of proteins because of its higher taxonomic resolution (Willems et al., 2000) . Because the AFLP procedure is rather laborious, we looked for an alternative rapid technique for grouping of Bradyrhizobium isolates. Partial or complete 16S rDNA sequence analysis is a rapid technique, but because of the small sequence divergence among Bradyrhizobium strains, it offers little scope for assessing diversity among these closely related strains. The spacer region between the 16S and 23S rDNA in bacteria generally shows much more variation, both in length and in sequence (Gu$ rtler & Stanisich, 1996) . Recently, restriction analysis of the spacer region has been used for grouping bradyrhizobia (Vinuesa et al., 1998 ; Doignon-Bourcier et al., 2000) . However, since Bradyrhizobium japonicum was reported to have only one rDNA operon (Ku$ ndig et al., 1995) , amplification and direct sequencing of this region could potentially provide information useful for deducing relationships between highly related organisms such as bradyrhizobia. This approach has proved valuable in the § For Aeschynomene isolates, where known, the location of the nodule is specified : (R), root nodule ; (S), stem nodule ; (C), collar (submerged lower part of the stem) nodule. (f ), Photosynthetic strain (Molouba et al., 1999) . For F. albida isolates, the geographic location and depth of sampling is included where known. R AFLP grouping from Willems et al. (2000) . Sep, separate position. ¶ EMBL accession number for ITS sequence. study of other highly related organisms such as slowgrowing mycobacteria (Roth et al., 1998) , Erwinia species (Kim et al., 1999) , Vibrio species (Chun et al., 1999) , and Nocardioides and related taxa (Yoon et al., 1998) . To test the usefulness of this approach for the classification of bradyrhizobia, we determined the nucleotide sequence of the 16S-23S rDNA spacer region of members of a selection of the previously described AFLP clusters (Willems et al., 2000) . The grouping of sequences was compared with the previously published AFLP grouping. In addition, we performed DNA-DNA hybridizations to assess the taxonomic significance of the groups found by spacer sequence and AFLP analysis since a major criterion for species delineation is a high level of DNA-DNA hybridization.
METHODS
Strains used. The strains used in this study are listed in 100 ml water), 1 ml CaCl # ;2H # O solution (5n28 g in 100 ml water), 1 ml FeCl $ ;6H # O solution (0n666 g in 100 ml water), pH 6n8 ; plus 20 g agar]. Strain purity was verified by studying colony morphology and by examining living and Gramstained cells. For Nitrobacter strains, active cultures were obtained from DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen and 10 µl of the liquid cultures was used as a template for PCR reactions. Amplification of the 16S-23S rDNA spacer region. A few colonies were suspended in 50 µl sterile water in an Eppendorf tube. A small amount of sterile glass beads (0n25-0n30 mm diameter) were added with a sterile toothpick and the tube was then vortexed for 1 min, floated in a boiling waterbath for 5 min and again vortexed for 1 min. The supernatant obtained after a brief spin was used for PCR. The internal transcribed spacer (ITS) region was amplified using primers to positions 1492-1510 of the 16S rRNA gene (*SM, 5h-AAGTCGTAACAAGGTAGCC-3h) and positions 482-463 of the 23S rRNA gene (BR3, 5h-GCTT-TTCACCTTTCCCTCAC-3h). These primers were designed using 16S and 23S rDNA sequences of members of the α-2 Proteobacteria available from the EMBL database. The PCR protocol used consisted of an initial denaturation step of 5 min at 94 mC, followed by 35 cycles of 2 min denaturation at 94 mC, 1 min annealing at 59 mC and 90 s extension at 72 mC, and a final extension of 5 min at 72 mC. The PCR products were purified using a Qiaquick PCR purification kit (Qiagen) according to the manufacturer 's instructions. Sequencing of PCR products. The purified PCR products were directly sequenced using primers *pH (located at positions 1522-1539 of the 16S rDNA, 5h-CCTGCGGC-TGGATCACCTCC-3h), BR1 (located at positions 132-115 of the 23S rDNA, 5h-GTGGGTTTCCCCATTCGG-3h), BR4 (located inside the ITS region in the tRNA Ala gene, 5h-CGAACCGACGACCTCATGC-3h) and its antiprimer *BR4 (5h-GCATGAGGTCGTCGGTTCG-3h), and *BR5 (located inside the tRNA Ile gene, 5h-CTTGTAGCTCAGT-TGGTTAG-3h). BR primers were designed in this study ; primer *pH is modified from primer pH (Edwards et al., 1989) . Sequencing was performed using a BigDye Terminator Cycle Sequencing kit (Perkin Elmer Applied Biosystems) and an ABI 310 Genetic Analyzer (Perkin Elmer Applied Biosystems). Cloning of PCR products and sequencing of clones. For nine strains, several bands were obtained in the initial amplification reaction or mixed sequencing profiles were obtained. The PCR products of these strains were cloned using a pGEM-T Vector System II kit (Promega). For each strain, ten clones were picked and plasmids were prepared using a Quantum Prep plasmid miniprep kit (Bio-Rad). Length of the inserts was verified by restriction with EagI (Pharmacia Biotech), followed by agarose gel electrophoresis. Inserts were sequenced using plasmid primers T7 and SP6 and primers BR1, BR4, *BR4 or *BR5. Sequence analysis. Sequences were analysed using the BioNumerics software (Applied Maths). A multiple alignment was performed and a matrix of uncorrected distances Fig. 1 . Neighbour-joining dendrogram showing the sequence similarities of 16S-23S rDNA spacer sequences of Bradyrhizobium strains and some related organisms. Different clone sequences of the same strain are listed by the strain number, followed by the letter c plus the clone number. Numbers in parentheses are the length of the spacer sequence. Arabic numbers on the righthand side refer to previously described AFLP clusters (Willems et al., 2000) and roman numerals refer to the genospecies. Bootstrap values, expressed as a percentage of 500 replications, are given at branching points, when 75 % or more. The bar represents 5 % sequence difference.
was calculated. Neighbour-joining analysis was used to calculate a dendrogram. A bootstrap analysis using 500 replications was performed.
DNA extraction and DNA-DNA hybridization. Cells were grown in liquid cultures of 800 ml yeast extract mannitol medium and harvested by centrifugation. DNA was extracted and purified by the procedure of Marmur (1961) . DNA hybridizations were carried out according to the microplate procedure of Ezaki et al. (1989) as described by Goris et al. (1998) . Hybridizations were performed at 50 mC.
RESULTS

16S-23S rDNA spacer sequence determination
In the majority of Bradyrhizobium strains one single type of rRNA operon was present, as was apparent from the fact that direct sequencing of PCR products was possible without cloning. However for nine strains (LMG 8297, LMG 10305, LMG 10725, LMG 11805, LMG 11811, LMG 15377, LMG 15378, LMG 15384 and LMG 15404) , two or more different-length PCR products were obtained and direct sequencing gave a mixed profile, indicating the presence of several rRNA operons. PCR products of these strains were cloned and ten clones per strain were sequenced. Several clones were omitted from the final analysis because they contained incomplete inserts. The number of clones carrying complete spacer inserts was as follows : six clones, representing four different spacer sequences, for LMG 8297, seven clones with six different spacer sequences for LMG 10305, four clones with two different spacer sequences for LMG 10725, three clones with three different spacer sequences for LMG 11805, two clones with two different spacer sequences for LMG 11811, three clones with three different spacer sequences for LMG 15377, six clones with five different spacer sequences for LMG 15378, six clones with six different spacer sequences for LMG 15384 and three clones with two different spacer sequence for LMG 15404.
The ITS sequences for Blastobacter denitrificans LMG 8443 T , 'Nitrobacter hamburgensis ' DSM 10229 T and Nitrobacter winogradskyi DSM 10237 T were also determined. As for most of the bradyrhizobia, these strains each contained one type of rRNA operon.
The ITS sequences obtained varied in length from 776 to 1114 nucleotides (see Fig. 1 ). All contained a tRNA Ile and a tRNA Ala gene. The tRNA Ile gene was the same in all the strains, but the tRNA Ala gene was slightly different (four base differences) in the strains that belonged to the previously described AFLP clusters 3 and 6 (Willems et al., 2000) The ITS sequence used for Bradyrhizobium japonicum strain USDA 110 was that retrieved from the EMBL database (Z35330). Because it did not group with other Bradyrhizobium japonicum strains, we determined the sequence again and found it to be identical to the database entry. In the course of our study, ITS sequences for Bradyrhizobium elkanii USDA 76 and Bradyrhizobium japonicum USDA 6 became available in the EMBL database (U35000 and U69638, respectively). These sequences were found to be identical to those we determined for strains LMG 6134 T and LMG 6138 T , respectively.
Analysis of 16S-23S rDNA spacer sequences
Sequences were aligned together with those of Agrobacterium vitis NCPPB 3554 T , Ochrobactrum anthropi LMG 3331 T and Brucella suis RZS P6 obtained from the EMBL database (accession numbers U45329, X95892 and X95891, respectively) that were used as an outgroup. As non-coding sequences, the spacer regions clearly show much more variation and more insertions and deletions than, for example, 16S rDNA, making correct alignment more difficult. For the construction of the alignment, different values for the gap introduction penalty and the gap extension penalty were tested (data not shown). The criteria used for selecting the most acceptable settings for these parameters were correct alignment of the conserved tRNA genes and high similarity values in the corresponding matrix. As a result, for the calculation of the multiple sequence alignment, the gap introduction penalty and the gap extension penalty were set at 800 and 0 %, respectively. The resulting alignment was verified and corrected manually. Similarity values between aligned sequences were calculated without introducing substitution rate correction factors because the assumptions accepted in the different correction models are probably not fulfilled in the highly variable ITS sequences. Setting the gap penalty at 100 % caused a limited number of strains to group away from close relatives as determined by DNA-DNA hybridizations, probably due to gaps being the main difference between otherwise very similar sequences. Therefore, gaps were not penalized when calculating the similarity matrix. The dendrogram obtained by neighbour-joining analysis of the similarity matrix is shown in Fig. 1 . It contains two groups of clusters (shown in the two parts Genotypic analysis of Bradyrhizobium of Fig. 1 ) characterized by a difference in length of the sequences (776-883 and 881-1114 bp) and by a small difference in the tRNA Ala gene (four base differences). This separation into two main groups could not be attributed to the presence of one particular deletion in the alignment. The smaller clusters that made up each of the two main groups corresponded well with the previously described AFLP clusters, except for strains LMG 8293, LMG 11950, LMG 10717 and LMG 15378.
DNA-DNA hybridizations
The results of DNA-DNA hybridizations are listed in Table 2 . We found seven groups of strains or genospecies (I-VII) with hybridization values of at least 60 % (shown in grey in Table 2 ). They represent the three valid species Bradyrhizobium japonicum (genospecies I, corresponding to AFLP clusters 12 plus 15), Bradyrhizobium elkanii (genospecies II, corresponding to AFLP cluster 32) and Bradyrhizobium liaoningense (genospecies III, corresponding to AFLP cluster 16), the F. albida isolates of AFLP clusters 20 (genospecies IV) and 22 (genospecies V), the Aeschynomene isolates of AFLP clusters 6 plus 3 (genospecies VI), and the F. albida isolates of AFLP cluster 33 (genospecies VII). The Bradyrhizobium japonicum strains comprised representatives of both DNA group I and Ia of Hollis et al. (1981) . Genospecies VI also contained strain LMG 15378, previously found to belong to AFLP cluster 32 (Willems et al., 2000) . Homology values between the genospecies were 40 % or less, except for the four genospecies I, II, IV and V, which showed a low but significant level of DNA homology of 40-60 %. Genospecies VII showed about 40 % DNA homology with Bradyrhizobium elkanii (genospecies II). Two strains, LMG 11801 (separate in the AFLP analysis) and LMG 8293 (AFLP cluster 6) were highly related to each other (55-57 % DNA hybridization) and to Bradyrhizobium elkanii (46-59 % DNA hybridization).
DISCUSSION
We have previously used AFLP analysis to group Bradyrhizobium isolates from F. albida and Aeschynomene species into 34 distinct AFLP clusters (Willems et al., 2000) . For the present study we selected A. Willems, R. Coopman and M. Gillis nine of these AFLP clusters to test the usefulness of 16S-23S rDNA spacer sequencing as an alternative rapid method for the characterization and grouping of Bradyrhizobium isolates. A previous report that Bradyrhizobium japonicum contained a single rRNA operon (Ku$ ndig et al., 1995) suggested that direct sequencing of the amplified 16S-23S rDNA spacer region should be possible. Our findings confirm that for the majority of strains tested, this was indeed the case. However, for nine strains, more than one amplification product was obtained after a PCR reaction targeting the spacer area, pointing to the presence of more than one rRNA operon in these strains. Cloning of the amplified spacer region was performed to permit sequencing of the different copies. All ITS sequences determined comprised two tRNA genes, for tRNA Ile and tRNA Ala , that were located in the middle to first half of the spacer region. This structure is similar to that reported for the majority of Gram-negative bacteria (Gu$ rtler & Stanisich, 1996) . As expected, ITS sequences are more diverse than 16S rRNA genes, with sequence similarities among Bradyrhizobium strains ranging from 63 to 100 %.
In the dendrogram (Fig. 1) obtained by distance matrix analysis of the ITS sequences, the previously reported AFLP clusters (Willems et al., 2000) are easily recognized. Relatively little variation in the ITS sequence (94-100 % sequence similarity) was found within most of the different AFLP clusters. However, members of AFLP clusters 6 and 3 showed more variation in ITS sequences, with sequence similarities ranging from 85 to 100 %. All these groups were supported by high bootstrap values. Although the number of strains in common is limited, our grouping is in line with that obtained by Doignon-Bourcier et al. (2000) using RFLP analysis of 16S-23S rDNA spacers. The two Nitrobacter species and Blastobacter denitrificans grouped separately in between the different Bradyrhizobium groups but their phylogenetic positions are not well supported by bootstrap values and therefore remain uncertain.
The different clones that were sequenced for nine of the Bradyrhizobium isolates showed only small differences ( 1 %) in strains LMG 8297, LMG 15377, LMG 15378, LMG 15385 and LMG 15404, and differences of 2-4 % in strains LMG 11811 and LMG 11805. The clone sequences grouped mostly together with the other strains belonging to the same AFLP cluster, except for the clones of strains LMG 15378, LMG 15404 and LMG 10725. Clones of LMG 15378 (AFLP cluster 32) grouped with AFLP cluster 6 strains and not with AFLP cluster 32 strains, a placement that was confirmed by DNA-DNA hybridizations (Table 2) and that is also in line with ARDRA results for this strain (Molouba et al., 1999) . Clones of LMG 15404 (AFLP cluster 6) grouped further away from other AFLP cluster 6 strains than strains of AFLP cluster 3. This was probably caused by one large gap ( 100 bp) which is absent in other AFLP cluster 6 strains. Only one of the four clone sequences of strains LMG 10725 (AFLP cluster 20) grouped with other strains of AFLP cluster 20, whereas the three other clone sequences showed about 10 % sequence difference with the first one and grouped together with Bradyrhizobium elkanii (AFLP cluster 32). DNA-DNA hybridizations demonstrated that LMG 10725 definitely belongs with strains of AFLP cluster 20. This result seems to indicate lateral gene transfer can affect rRNA operons in bradyrhizobia.
To assess whether ITS and AFLP groupings corroborated groupings as determined by DNA-DNA hybridizations, we performed hybridizations between strains of the different groups. The DNA homology groups we found (DNA-DNA hybridizations values of 60 % or more, Table 2 ) indeed largely matched the different AFLP clusters and ITS grouping. We could define seven genospecies, I-VII, among the bradyrhizobia (Table 1 ) on the basis of DNA-DNA hybridizations and ITS sequence analysis. Four of these, genospecies I (Bradyrhizobium japonicum), genospecies III (Bradyrhizobium liaoningense), genospecies IV (AFLP cluster 20) and genospecies V (AFLP cluster 22) were highly related by DNA hybridizations (40-60 % DNA homology), grouped together in the ITS analysis ( Fig. 1) and had 83-90 % spacer sequence similarity. Genospecies VI comprised the photosynthetic Aeschynomene isolates of AFLP clusters 6 and 3, which showed only 81-89 % ITS sequence similarity. Most of the strains with multiple ITS sequences belong to this genospecies (Fig. 1) . Bradyrhizobium elkanii (AFLP cluster 32) and the F. albida isolates of AFLP cluster 33 made up genospecies II and VII, respectively. Because differentiating phenotypic data are not available for all these genospecies, we refrain from making formal species proposals at present.
Several authors have previously pointed out that the photosynthetic bradyrhizobia from Aeschynomene probably represent a separate Bradyrhizobium species (So et al., 1994 ; Fleischman & Kramer, 1998) . We included representatives of two of the AFLP clusters (3 and 6) of photosynthetic strains in this study and indeed found them to form the separate genospecies VI by DNA-DNA hybridizations. This genospecies may possibly comprise two highly related subgroups corresponding to the two AFLP groups (Table 2) and also forming separate subclusters in the ITS analysis (Fig.  1) . It was distinct from other bradyrhizobia in that it had ITS sequences that were about 100 bases longer and had four base differences in the tRNA Ala gene. These results support a separate species status for these strains. However, in addition to the two we have included here, a further six AFLP clusters contained only photosynthetic Aeschynomene isolates (Willems et al., 2000) . It is therefore possible that photosynthetic isolates from Aeschynomene in general represent more than one new species. Blastobacter denitrificans grouped in between the Aeschynomene isolates in the ITS analysis (Fig. 1) and is also closely related to these strains in 16S rDNA analysis (Molouba et al., 1999 
Genotypic analysis of Bradyrhizobium
The ITS sequence similarity with members of AFLP group 3 was approximately 77 % and with AFLP group 6 approximately 86 %. We plan to perform DNA-DNA hybridizations to assess the species relationships of this taxon.
Our results indicate that strains belonging to a single AFLP cluster will belong to the same genospecies. In two instances, two AFLP clusters formed a single genospecies : genospecies I consists of AFLP clusters 12 and 15 (representing Bradyrhizobium japonicum DNA groups I and Ia of Hollis et al., 1981) and genospecies VI consists of AFLP clusters 6 and 3. These close relationships were also revealed in the ITS analysis (Fig. 1) . However, because ITS sequence similarity levels within Bradyrhizobium genospecies varied considerably, it was not possible to use one particular level of spacer sequence similarity to delineate genospecies. In a study of Lactobacillus isolates (Tannock et al., 1999) , a 16S-23S rDNA spacer sequence similarity level of 97n5 % was used for species identification. In Bradyrhizobium, strains with at least 96 % spacer sequence similarity did belong to the same genospecies, but strains with lower levels of spacer sequence similarity do not necessarily belong to different genospecies. For example, in genospecies VI, strains of AFLP clusters 3 and 6 had 81-89 % spacer similarity and showed more than 60 % DNA hybridization, while genospecies IV and V had 95-96 % spacer sequence similarity and 47-61 % DNA hybridization. Also, from the ITS analysis (Fig. 1) , Bradyrhizobium japonicum group I of Hollis et al. (1981) (AFLP cluster 15) would appear to be more similar to Bradyrhizobium liaoningense (AFLP cluster 16) (spacer sequence similarity 91 %) than to Bradyrhizobium japonicum group Ia of Hollis et al. (1981) (AFLP group 12) (spacer sequence similarity 86n0%).
However, DNA hybridizations demonstrate that Bradyrhizobium japonicum groups I and Ia form one genospecies, closely related to Bradyrhizobium liaoningense (genospecies III in Table 2 ). This apparent discrepancy between DNA-DNA hybridization data and ITS sequence data may be explained by the highly variable nature of the spacer sequences, highlighting differences between infraspecific groups which do not emerge when studying the overall genomic similarities among bradyrhizobia. A combination of spacer sequence with the more conserved 16S rDNA may produce a grouping more faithfully reflecting overall DNA similarities. Because the number of strains for which both data are available is very small, we did not test this possibility.
Some strains (LMG 15378, LMG 10717 and LMG 8293) grouped differently in the spacer analysis and in the AFLP analysis. In these cases DNA-DNA hybridization data usually confirmed the grouping on the basis of spacer sequences. We therefore accept this latter grouping as the correct placement of these strains and assume an error was made when determining or processing AFLP data. Strain LMG 8293 (l ORS 308) was received a second time as LMG 15401 (l ORS 308). Both strains had identical AFLP profiles, placing them in AFLP cluster 6 (Willems et al., 2000) . More recently performed DNA-DNA hybridizations ( Table 2 ) now indicate that only LMG 15401 is highly related to other AFLP cluster 6 strains, whereas LMG 8293 is more closely related to Bradyrhizobium elkanii (AFLP cluster 32). ITS analysis confirms the position of strain LMG 8293 near Bradyrhizobium elkanii (Fig.  1) . We must conclude that LMG 15401 and LMG 8293 are no longer the same strain and that LMG 15401 is most likely to be identical to ORS 308, but this should be confirmed by re-examining the original strain.
Significant relationships between genospecies, as apparent from DNA homology levels of 40-60 %, were reflected in the ITS sequence analysis (Fig. 1) , but not in the AFLP analysis (Willems et al., 2000) . This clearly illustrates that grouping of AFLP patterns is a fine typing method at strain and infraspecific level that does not provide information at deeper taxonomic levels. ITS sequence analysis does seem to reflect relationships among closely related species fairly accurately, although for highly related groups small differences in ITS sequences may not be reflected in the overall genomic similarity as measured by DNA-DNA hybridization. ITS sequence analysis can therefore probably not replace DNA-DNA hybridizations for the delineation of species, but it can significantly reduce the number of hybridization experiments needed. Analyses using smaller parts of the alignment (data not shown) indicate that a single sequencing reaction, using a primer in the conserved tRNA Ile gene, can provide sufficient information to accurately place a strain in a dendrogram similar to that obtained from the full ITS sequences (Fig. 1) . Because of the relatively small number of conserved regions in the spacer area, the ITS analysis cannot accurately reflect phylogenetic relationships among more distant species. Similar observations were made by Yoon et al. (1998) in their study of Nocardioides and related actinomycetes.
Recently, several studies have focussed on the diversity of bradyrhizobia from Aeschynomene (Molouba et al., 1999) , Lupinus (Barrera et al., 1997) , Arachis hypogaea (Urtz & Elkan, 1996 ; Zhang et al., 1999) and various other legumes (Laguerre et al., 1997 ; Lafay & Burdon, 1998 ; Vinuesa et al., 1998 ; Sterner & Parker, 1999 ; Doignon-Bourcier et al., 1999) . As a result, many new strains of Bradyrhizobium have been described, but most of them were not assigned to a species. The main reason for this may be the lack of a suitable tool for the assessment of species relationships among bradyrhizobia. The 16S rRNA genes, which are useful for species differentiation in many groups of bacteria, show little variation among bradyrhizobia. Currently the main criterion for defining species among closely related strains is overall DNA homology as tested through DNA-DNA hybridization (Stackebrandt & Goebel, 1994) . This technique requires a sufficient amount of good-quality DNA and this is often not easily obtained from Bradyrhizobium strains. Our comparison of 16S-23S rDNA spacer sequences and A. Willems, R. Coopman and M. Gillis DNA-DNA hybridizations suggest that initial determination of the spacer sequence can provide valuable information on the taxonomic place of a Bradyrhizobium isolate. In many cases it will permit immediate placement of the strain within a particular DNA homology group, or at least limit the number of DNA-DNA hybridizations that will be required to positively identify or place the strain.
